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Abstract 
This paper described the structure of a Shunt Active Power Filter system and compared various methods of active 
power filter harmonic detection, then the improved adaptive algorithm was used in active power filter harmonic 
detection; as regards the control strategy, the control method that based on optimal voltage space vector hysteresis 
current  was presented in this paper for tracking control, And by using Matlab/Simulink simulation software, the 
Adaptive filter detection system and control model of Three-phase three-wire Shunt Active Power Filter were 
established. Simulation results showed that the selected detection method and control strategy of harmonic current 
played a fairly good compensation role on the harmonics which was generated by nonlinear loads and had a good 
dynamic compensation performance.  
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1.  Introduction 
Power system harmonics is an important indicator that is used for measuring power quality. With the 
rapid development of China's national economy, power electronics products are widely used in industrial 
control field, which has increased power supply system in a number of nonlinear loads, and the harmonic 
currents and voltage seriously polluted power grid, causing the decline of power quality, affecting the safe 
operation of power system, seriously damaging the national economy [1-4]. At the same time, the 
automation and intelligence of production process also has a high requirement on the power quality, 
therefore, how to improve power quality, how to suppress harmonics is very important. Active power 
Filters (APF) is an important and advanced means of optimizing the quality of electric energy and it has 
become one of the hot spot in the field of power electronics technology, especially played an important 
role in the research of Shunt Active Power Filter. 
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2. System Structure of Shunt Active Power Filter 
Active power filter system consists of three major parts, Harmonic current detection circuit, 
Compensation current control circuit and drive circuit. The core role of harmonic current detection circuit 
is to detect compensation objects—harmonic currents and reactive current components. 
The role of drive circuit is to direct current operational circuit to obtain compensation current 
command signal, generate the actual compensation current, currently, the main circuit generally use PWM 
converter. 
Figure 1 shows the diagram of the active power filter system structure. In this Figure, Se is AC power 
potential, Si is AC Current, Load is also a harmonic source, which generated harmonic， Li  is load 
current， Fi is compensation current， *Ci  is the command signal of compensation current, HPF is High 
Pass Filter. 
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Figure1．System structure of shunt Active Power Filter 
3. Comparison of Active power filter harmonic detection algorithms  
In active power filter, how to real-time detect the object of compensation voltage and current 
accurately is very important. 
Commonly used arithmetic method of harmonic detection includes the method based on modern 
control theory, the instantaneous space vector method, the method based on frequency domain [5-8]. 
(1) The method based on modern control theory. The first application of the method based on a PI 
controller. Then, modern control methods, which is based on sliding mode control and fuzzy control is 
proposed. According to the inverter DC side voltage (Voltage APF) or (Current APF), they directly 
obtained the necessary fundamental active power current component amplitude, and finally obtained the 
required compensation current command value. 
(2) Instantaneous space vector method. Instantaneous space vector method which is based on 
instantaneous reactive power theory is currently the most widely used method of computing a command 
current in the Three-phase active power filter, But it only can be used in symmetrical three-phase circuit. 
Through continuously improving, now it included the p q− method, p qI I− method. d q− method 
based on synchronous rotating Park transformation does not only simplify the current operation 
instruction under the condition of no distortion in the symmetry, but also apply to asymmetric with 
distortion of the grid. 
(3) Method based on frequency domain operations. The basic idea is to use frequency domain filtering 
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method. In addition, the filter is sensitive to the grid frequency fluctuations and circuit component 
parameters, so the method has been used less. And all-digital-frequency domain filter which is based on 
fast Fourier transform has been given more attention, it can automatically track the frequency of the 
fluctuations of adaptive grid to extract fundamental component. However, this method also has some 
problems, such as a large delay, real-time poor and compensation effect is not good and so on. 
(4) Adaptive Detection method. This method, which is based on adaptive filtering theory of adaptive 
interference cancellation eliminate the fundamental active component from the load current to obtain the 
required compensation current command value. Outstanding advantages of this method is adaptive 
capacity for grid voltage distortion, frequency offset and power parameters. 
In addition, there are other series of harmonic detection algorithm, such as the algorithm based on 
quasi-synchronous sampling, local cosine transform method, and artificial neural network algorithm. In 
view of the many advantages of the adaptive detection algorithm discussed above, this paper applied this 
method to realize Harmonic Detection [9-10]. 
4. Improved iterative algorithm for adaptive harmonic detection 
4.1 Improved basic principles of Variable Step LMS algorithm  
Coherent average estimation used the characteristics of the signal itself to detect a weak periodic signal, 
the method used periodic signal to filter out the noise, extract the real signal. The basic principles of 
coherence average estimation: for the noise that implicit in the periodic signal, if its cycle was known or 
measured accurately, a single cycle of some signals could be taken. Adding and averaging these signals 
location by the corresponding position. As the noise is not relevant, after M times averaging, its power is 
reduced to1/M times of the original, but the signal power was unchanged, so SNR was increased, and the 
signal is extracted. According to this principle, variable step size LMS algorithm is improved. 
Here, ( )nK —the percentage of Error signal ( )ne  in the total signal  is chosen as the amount of adaptive 
feedback, the coherent average estimation of  ( )nK  is taken to control updating of the step size, This 
treatment is a kind of normalized method. The formula of Step recurrence as follow： 
( ) ( ) ( ) ( ) ( )
( ) ( ) ( )
1 1
1 1
p n p n e n S n
p n K n
β β
β β
= − + −
= − + −
                      (1) 
  ( ) ( ) ( )21n n p nμ αμ γ+ = +                            (2) 
In the formula， ( )nS  is the total signal to be detected,corresponding to the practical application ( )tiL ；
Remaining recurrence formula is the same with Traditional step LMS algorithm. 
Through intercepting a rectangular window, whose width is M, from signal sequence, then calculating 
the average of the data in the window, coherent average is obtained. In the grid current, the high harmonic 
is noise signal, without considering the case of inter-harmonics, it is Zero-mean periodic signal, the 
minimum number of high harmonics is 2, and the cycle was 1/2 time of the Power fundamental period T. 
According to the analysis, as long as the width of the selected rectangle window is the period of the 
harmonic signal T/2, by moving the data in the   rectangular window to get the coherent average, the high-
order harmonic component will be eliminated completely from the error signal ( )ne . When the signal 
sampling frequency is confirmed, sampling points N in T/2 can be determined, M is selected as the width 
of rectangular window M = N, its mathematical expression as follow: 
( ) ( )
M+1
1 n
i n
p n K i
M = −
= ∑                              (3)  
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Formula (1) can be arranged as follow: 
( ) ( ) ( ) ( ) ( ) ( )
( ) ( )
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∑
∑
                 (4) 
According to the comparison of (3) and (4) style, (1 β− ) corresponds to1 M , which is the weights 
of coherent average estimate. Here rectangular window is replaced by the index window, because the 
index window has the characteristics of self-convergence to zero. The earlier data obtained after applying 
window, the lower the weights are. When reduced to a certain degree, early data can be considered to 
have no effect on the coherence average algorithm within window. The advantages are that it reduce the 
storage unit for storing the values of input signal M in the past, the natural movement of the exponential 
window is realized. Formula (4), the weighted calculation has been obtained from 1 to n ，however, 
because of the weight of index window; it can be thought that when 1i n M< − + ，the value ( )K i  was 
small after weighting ，it can be Negligible, 
           ( ) ( )
1
1 0
n M
n i
i
K iβ β
−
−
=
− ⋅ =∑                            (5) 
Integrating equation (4) and (5), the equation (1) can be sorted into： 
           ( ) ( ) ( )
1
1
n
n i
i n M
p n K iβ β −
= − +
= − ⋅ ∑                         (6) 
It shows that equation (1) and (3) has a similar effect, but the required data storage unit is greatly 
reduced. However, due to influence of weighted of index window, after coherent averaging of T / 2, the 
weighted of )(nξ  is not as strict as that from rectangular window, which can be reduced to zero, but )(nξ  
will also be significantly attenuated. 
4.2 Simulation results  
All the simulations are carried out under Matlab7.1, for this method is universal. Firstly, selected 
harmonic source is one phase of the three-phase bridge rectifier circuit, circuits and parameters are shown 
in Figure 2. 
 
Figure 2． Simulation of the circuit diagram 
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Parameters in Figure 2：Supply phase voltage is 220V,Rectifier output phase voltage transformer is 
100V,Sync line voltage transformer is 380V,R=5Ω ,L=0.5H,Pulse generator frequency is 50Hz,Trigger 
Point is 30°.Because of the sampling points of each fundamental frequency cycle are all 128 points in 
this simulation, from the previously mentioned, the width of Index window should be selected as 
M=64,corresponding ( ) 0156.01 =− β , 9844.0=β .Individually adjustable parameters α or γ has the 
same effect on the performance of entire algorithm. However, the value of γ  is usually very smallα , 
approximately equals to 1, so the small changes in the value of  γ will have a greater impact on the 
performance of the system. Therefore,in the future analysis and simulation, the method of taking a 
fixedα , changing the value of γ to adjust the test performance of the algorithm should be adopted. 
4.3 The comparison with the high harmonic current detection simulation before improving the Algorithm 
The simulation results are shown in Figure 3. In the Figure 3, the first line is the original distorted 
current phase A; the second line is the fundamental component before improving the algorithm, the third 
line is the fundamental component after algorithm is improved.  
 
Figure 3． Comparison of fundamental component detection 
It can be seen clearly from the figure,before changing the algorithm,for the distorted current,whose 
distortion rate is significant,a small amount of high-order harmonic components can be clearly detected in 
the fundamental component,while the improved adaptive  harmonic  detection method can track the 
fundamental  component 
more accurately in the distorted current. 
Figure 4 shows the comparison of weight convergence before and after improving the algorithm. It is 
clearly that weight in the early-adaptive reflected very quickly, but the convergence wave after improving 
algorithm is much smaller than the wave before improving. That explained that adjusting the value 
of )(nw  in the filter weights could better approach to the value of the ( )nw*  in weight of unknown 
system. Filter output ( )ny  can track the changes of the signal under test ( )nd  more accurately.  
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Figure 4． Comparison of weight 
4.4 Simulated analysis of the mutation current harmonic detection  
To test the tracking capacity of improved algorithm to mutant signal, the mutation of distorted 
current is constructed, that is to say, when t=0.08s, parallel load is suddenly increased, which suddenly 
increased the power supply side current, in order to test the response speed and accuracy of the 
algorithm. The simulation results are shown in Figure 5. 
 
Figure 5．Gomparison of tracking mutation signals between two kinds of algorithms 
The simulation results show that when the distorted current is mutated, the algorithm can track the 
mutation fundamental component well after half a cycle; moreover, the improved algorithm has a higher 
accuracy than the unimproved one. 
5. Comparison of simulation results 
Simulation analysis after compensation is shown in Figure 6. 
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Figure 6．   Comparison of simulation in a cycle of refinement after compensation  
As can be seen from Figure 8，current waveform is smoother, current ripple is smaller after using 
the new current control method to compensate. The figure clearly shows the effect of compensation is 
very good. 
Finally, the methods discussed above were used into the three-phase system, and each phase is 
detected and compensated at the same time, finally the effectiveness of the proposed method is verified. 
In Figure 7，The first line is a three-phase load current before compensation, mutation happened 
when t=0.08s. The second line is the compensated three-phase current. From the simulation results, 
basically, compensated three-phase current is the standard sine wave, which has a good effects of tracking 
and compensation. 
 
Figure7. Compensation effect of three-phase harmonic current  
6. Conclusion  
(1)In this paper, shunt active power filter has been studied, at the same time, the harmonic current 
detection method and control strategy has been given more attention, and some improvement has been 
made based on the traditional adaptive harmonic detection algorithm, furthermore, through the average 
estimate, eliminate the noise occurred in standard updating, to improve the detection accuracy. By the 
simulation, fundamental wave or any one of harmonic current could be detected in a fundamental cycle, 
and the test results has been compared. 
(2)As regards the control strategy, control method based on optimal voltage space vector hysteresis 
current was presented in this paper; the advantage is that the accuracy in the selection of inverter switch 
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state become much better, reducing the number of Switchgear Malfunction and improve switch life, 
thereby increasing the utilization of DC voltage rate. 
(3)The digital simulation was conducted by using Matlab/Simulink, the simulation results showed that 
the method has a better dynamic performance and low switching frequency. Compensating the load 
current by using the compensation current, and according to the simulation graphics, the result 
demonstrated that this method has a good compensation effect. 
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